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Chapte r - One 
I N T R O D U C T I O N 
CHAPTER - ONE 
I N T R O D U C T I O N 
LegiJines play a very important role in o\ir daily lives. 
Leguminous crops, having 20-40% protein which is nearly 
three times that of cereals, are claimed to be indispensable 
in tropical and sub-tropical regions of the world, including 
India, in particular, where majority of the population is 
vegetarian and obtains most of its protein from the legumes. 
They are also rich source of fodder for cattle and used as 
green manuring (Kaul and Sekhon, 1974), Moreover, they 
furnish non-polluting nitrogen to soil through symbiotic 
Np-fixation. 
However, in the recent p^ ast the need for increased 
production of legumes has been ignored in spite of increasing 
population. Therefore, neither the genetic stock nor the agro-
nomic practices for the cultivation of leguminous crops could 
be improved. Consequently, their cumulative yield in India 
is very low which is mainly due to the fact that they are 
mostly grown in unirrigated areas. 
This has resulted in widespread protein malnutrition 
in the country. The situation urgently demands farm scien-
tists to enhance per fiapita productivity of legumes, as 
more arable land cannot be allocated to these crops due to 
rapid growth in urbanisation and industrialisation. 
Fertiliser application is one of the major factors 
controlling crop yield and quality. With the application of 
fertilisers and ameliorative additives, crop yield has been 
improved considerably, riowever, greenhouse and field studies 
have revealed that indiscriminate use of fertilisers may 
prove uneconomical or sometimes even harmful for plant 
growth and development. This has compelled the Indian farmers 
to switchover to organic sources of nutrients, including use 
of municipal wastewater. Increasing prices of commercial 
fertilisers as well as problems connected with wastewater 
and sludge disposal have made wastewater increasingly attrac-
tive for agriculture. The farmers of modern India are opting 
for greater use of wastewater as this could adequately meet 
the twin objectives of nutrition and irrigation. 
It should be mentioned here that survey of 14 major 
river systems has revealed that major source of water pollu-
tion in our country is domestic and household activity. The 
domestic and household pollution is critically important and 
threatens to become worse because majority of the cities 
and rural areas have no sewerage and sewage disposal system, 
43.6% are partially sewered but without any sewage treatment 
facilities, while 50,7% cities and rural areas have no 
sewerage and sewage treatment facilities (Ray and Kumar, 
1990), 
Another source polluting our water bodies is industrial 
activity of which 70% is contributed by large and medium 
units and 30% by small scale industries, it has been observed 
that the pollution load contributed by a small scale indus-
try may be equal to that contributed by the sewage from a 
large city. 
One of the best methods of pollution control, as 
recognised today, is to recover the waste and treat it as 
a resource. Land application of such v/astes can make the 
crops grow better due to the presence of various essential 
nutrients, and also improve soil quality. Recent researches 
have revealed that land will filter upto 99% of nutrients in 
the effluent safely under proper management, 80% of the 
effluent water percolates down to the ground level and fre-
quent harvesting of crops improves renovation. Besides, 
effluent stimulates growth of trees and crops (Anonymous, 
1976) . 
^However, the usefulness of wastewater is limited by 
its excessive content of certain heavy metals. In some field 
experiments it was shown that such irrigation has twin 
effects, i.e, promotion of growth accompanied by the dele-
terious process of heavy metal accumulation in edible plant 
parts (Veer, 1985; Chu and Wong, 1987). Compared with the 
untreated wastewaters, the treated wastewaters seem to have 
less deleterious effect. Thus the wastewater should be well 
treated and only after proper treatment should it be used 
for irrigation on landy 
At Aligarh, considerable work has been done on the 
effect of industrial wastewater on some leguminous crops 
by Ajmal et ajL^. (1984) and Aziz et^  a^. (1993). However, the 
present author wishes to take into consideration sewage 
water to study its effect on the performance of some sele-
cted grain legumes. Sev/age waste water application to grain 
legumes (as also the other crops) seems to be a promising 
proposal since about 60 million litres of sewage are dis-
charged daily by three pumping stations of Aligarh alone. 
The present work has been proposed on summer raoong (Vigna 
radiata L. Wilczek) and chickpea (Cicer arietinum L.) that 
are very important sources of grain proteins and cumula-
tively cultivated on 50% of the area being occupied by 
grain legumes in India (Ramanujam, 1987).The objectives of 
the proposed work v/ill be as follows : 
1. To study and compare the effect of sev^ age water and 
tixbewell water on the selected variety of summer moong 
and chickpea under various doses of phosphorus applied 
basally, 
2. To repeat Experiment 1, siibstituting potassium for 
phosphorus. 
3. To find out the best combination of phosphorus and 
potassium for the same varieties of sxommer moong and 
chickpea as in Experiments 1 and 2 under sewage water 
irrigation. 
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CHAPTER - TWO 
REVIEW OF LITERATURE 
2,1 Introduction 
Water pollution is one of the serious problems con-
fronting us today as it is reaching to a serious level due 
to rapid growth in industrialisation and xorbanisation in 
addition to human population and deforestation. Water wastes 
are not only increasing in volxome, but also their charac-
teristics are becoming increasingly complex. The irrigation 
of arable lands with such wastes after treatment is one of 
the principle methods to prevent waste water frcxn being an 
environmental hazard since it has been found in number of 
trials at various places in India as well as outside that 
the wastes can serve as an additional potential source of 
fertiliser. Use of effluent for irrigation would not only 
solve the disposal problem but also serve as nutrient ele-
ment to plants because N, P, S, Mn, Mg, Cu, Zn, Fe, Ca, K 
are present in various amounts in the effluent. These ele-
ments work as activators, cofactors or regulators of enzymes 
and give an additional source of liquid fertiliser in dilute 
form (AJmal and Khan» 1984; Sahai and Srivastava, 1986; 
Swaminathan and vaidheeswaran, 1991; Aziz et^  ^ «» 1993). 
4iuch work has already been done on industrial as well 
as municipal waste water to study the response of wheat 
(Mitchell et^  al^ ». 1978; Bingham et^  al^ ., 1979; Day et al.. 
1979; Juwarkar and Shende, 1987; Veer and Lata, 1987; 
Chakrabartl and Chakrabartl, 1988; Inam et^  al., 1993), rice 
(Misra and Misra, 1984; Behara and Misra, 1985; Adhikary and 
Sahu, 1986; Neelam and Sahai, 1988; Pandya et al«, 1988; 
i4isra and Behara, 1991), corn (Maclean and Dekker, 1978; 
Garcia et al,., 1979; Hyde et al^ ., 1979; Keefer et al^ ., 1979), 
lettuce (de vrles and Tiller, 1978; Maclean and Dekker, 1978; 
Mitchell et^  al..» 1978), maize (Marten et^  al,.. 1980; Wickllff 
et al., 1984), sugarcane (Reddy et al., 1981), finger millet 
(Sant and Jha, 1986; Fathmanabhan and Udaykuraar, 1988; Vijaya-
kximanand Kumudha, 1990), oat (Sopper, 1978; Gautam and 
aishnoi, 1990), mustard (Agra^ wal et_ al_,, 1981; Mxirty and Raju, 
1982; Ajmal and Khan, 1984; Patel and Kumar, 1990), potato 
(Chakrabarti and Chakrabarti, 1987), cabbage radish and 
carrot (Wong et al., 1981; Chu and Wong, 1987). 
However, limited work has been published on the 
performance of leguminous crops in relation to waste water 
as will be evident from the following review. 
2.2 Effect of Waste Water on Germination, Growth, Yield, 
Enzyme Activity and Quality of some Legvunlnous Crop 
Plants 
Dowdy eit al_. (1978) at Agricultural Experiment 
station, Minnesota, studied the effect of annual sludge 
applications on trace metal uptake and also studied the 
residual effect of adding a single, large sludge application 
on metal uptake of snap beans. In the first phase, a total 
of 0, 350, 700 and 1,400 metric tons/ha of anaeroblcally 
digested sludge was applied in three equal applications. The 
second phase of the study consisted of a single sludge appli-
cation of 0, 112, 225 and 450 metric tons/ha. They observed 
that crop yields increased as rates of sludge application 
increased under both cultural systems and often exceeded 
those of a well-managed, fertilised control. The 2n and Cu 
contents of edible tissue increased as rates of sludge app-
lication increased, and reached an apparent maximvum value 
from which the values did not decrease once sludge appli-
cations ceased. Cadmi\im levels in edible tissue did not 
respond directly to sludge applications and never exceeded 
0,1 ug Cd/g tissue. 
Elseewi et^  al_. (1978) at California conducted experi-
ment in which alfalfa and white clover were grown on cal-
careous and acid soils low in available S amended with 
sewage sludge and gypsxjun at rates equivalent to 0, 80 ppm 
S for alfalfa and 0, 25, 50 and 100 ppn S for white clover. 
It was noted that addition of either sludge or gypsum corre-
cted the S deficiency in the plants and significantly inc-
reased the dry matter yields. Improvements in yields were 
associated with increased S concentrations in the plant 
from deficiency levels (0.010% - 0.088^0 to levels >^  0.2%. 
It was concluded that sewage sludge is a potential source 
of available S to plants. 
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Sopper (1978), at Park University (Pennsylvania), 
U.S.A. carried out extensive experiments in which chlorinated 
secondary treated sewage effluent was spray irrigated on 
crops like alfalfa and red clover for 15 years. He pointed 
out that, at higher rates of irrigation, NoZ-N concentration 
significantly increased crop yields. Crop uptake represented 
38%-50% o£ the F and 50%-15o% of the N applied hy effluent 
irrigation. He fuirther noted that, in both crops, levels of 
Cu and Zn increased slightly but not to levels posing haza-
rds in the food chain. 
Bingham (1979) at California studied the bioavai-
lability of Cd to food crop (soybean) in relation to heavy 
metal content of sludge-amended soil and noted that yield 
reduction occurred at addition rates varying from 5 to 15 
ug Cd/g soil. 
In New Zealand, Quin (1979) compared the nutrient 
removal by harvested reed canary grass, rye grass and white 
clover in plots irrigated with treated sewage effluent. It 
was reported that harvested plots of reed canary grass 
produced similar dry matter yields and removed similar 
quantities of nutrients as plots of rye grass and white 
clover. 
Growth inhibition of Cicer arietinum cultivars 
by zinc as heavy metal pollutant was studied by Bhargava 
(1981) at Meerut. It was observed that zinc at concentrations 
above 1 mg/l Inhibited seedling growth and at 50 mg/kg soil 
inhibited further growth of cultivars G-130, H-208 and PG-
110. It was concluded that all concentrations of zinc Induce 
inhibitions, but patterns of inhibition vary with organ, 
cultivar and concentrations. At lower concentrations growth 
rate was reduced more at the initial phase and radicle was 
more inhibited than epicotyl which was accompanied by reduced 
transfer of dry matter from cotyledons. In growing plants, 
vegetative growth specially nodulation was markedly inhibited 
with consequent decrease in yield. Thus, it was suggested 
that Zn can act as a hazardous heavy metal pollutant if 
present at more than the required concentrations. 
Singh (1981) at Muzaffarnagar investigated the effect 
of the paper mill's effluent on percentage of germination, 
speed of germination index and seedling growth of Pisum 
sativum Linn, variety T-163 and Lens esculenta Moench. 
(variety L9-12). When different concentrations of the 
effluent were given to the seeds for different soaking times 
(viz. 4,8 hrs,), it was observed that in higher concentra-
tions and long soaking treatment only the percentage of 
germination, speed of germination index and seedling growth 
were markedly affected. 
Effect of the heavy metal pollutant nickel on growth 
and yield of Cicer arietinuro cultivars was studied at Meerut 
and was found that seedling growth of cultivars H-208, G-130 
and FG-110 was promoted at lower concentrations and inhibited 
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at higher concentrations (Singh, 1981). It was also noted 
that vegetative grovrtih of plants in soil amended with 50 mg 
Ni/kg soil was inhibited considerably with consequent reduc-
tion in yield. 
An experiment was conducted regarding the effect 
on plant-symbiont associations in the field supplied with 
irradiated digested sewage sludge of Massachusetts univer-
sity, at Walthara, Three plots were given a single application 
at the rate of 4.7 metric tonnes/ha dried sludge. Three 
other plots received double this amount. Spitko and Manning 
(1981) ctoserved that sludge applications at both rates in-
hibited rhizobial nodulation of bush bean Fhaseolus vulgaris 
L. 'contender*, No readily discernible explanation was found. 
Murty and Raju (1982) investigated at Waltair the 
effect of alum factory effluents on seed germination and 
growth of seedlings of green gram, physico-chemical analysis 
of the sludge indicated high amounts of dissolved salts, 
aluminium, iron and sulphate ions and it was highly acidic. 
Different concentrations of the effluent were taken into 
consideration and the result showed that at 25% concentra-
tion, shoot inhibition was more than root inhibition. At 
50% concentration growth of both these organs was drasti-
cally inhibited. At 75% and 100?^ ^ concentrations total 
inhibition of shoot and further inhibition of root were 
noticed. It was pointed that at higher concentrations 
distortion of shoot and root growth in green gram was 
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probably due to the Inhibition of cell division and cell 
elongation. 
Effect of zinc from polluted water on seed germi-
nation, seedling growth and phosphorus distribution in Vicia 
faba L. was noticed by Bhargava (1983) at Saharanpur, that 
zinc at 10 and 50 mg l" had an inhibitory effect. 
In the case of soybean (Glycine max), Increase in 
yield and development due to waste water irrigation has been 
noted. Larger seeds and slightly more lodging capacity was 
also observed by Cordonnier and Johnston (1983) in Georgia. 
It was observed at Karad that Cyamopsis tetragonoloba 
irrigated with 10% distillery waste showed more nodulation. 
It was further observed that higher concentrations of disti-
llery waste increased the salt content and organic matter 
in the soils, thus, suppressing the nodulation, but in such 
conditions more nitrogen was absorbed by the plants (Goel 
and Ma ndavekar, 1983). 
Ajmal and Khan (1984a) carried out extensive work 
at Aligarh to study the effects of brewery effluent on 
agricultural soil and pisum sativum crop. The effluent was 
found to be acidic in nature and was rich in ammonia-
nitrogen, nitrate-nitrogen, phosphorus and potassium so 
that its application to the soil Increased the values of 
available nutrients in the soil. When 100% effluent was 
tised for irrigation it was noted that the germination of 
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pea seeds was restricted to 80%, whereas germination was 
quick with 50% and 25% effluent. They also observed that the 
growth of the plant was slow with 100% effluent while it was 
enhanced by using 50% effluent for irrigation. 
Ajmal and Khan (1984b) also carried out similar 
experiment-, this time they took into consideration the efflu-
ent of vegetable ghee manufacturing plant and studied its 
effects on soil and pea crop. The effluent was found to 
contain high levels of NH^-N, NO^-N, chlorides and sulphates, 
and also considerable amounts of p, K, Mg and Ca as well as 
traces of heavy metals (Fe, Mn, Cr, Cd, Zn, Cu, Co, pb and 
T'li). Theyfound that the effluent at all dilutions raised 
the concentrations of water-soluble salts, CaCO^, NH^-N, K, 
P and organic matter of the soil, it was noted with pea 
seeds that their germination was delayed and restricted to 
90% of normal when undiluted effluent was used for irriga-
tion, whereas germination »es normal with other effluent 
concentrations; undiluted effluent inhibited the growth of 
the plant whilst 75% effluent enhanced it. 
Ajmal et^  al^ . (1984) fxirther studied the effects of 
industrial dairy processing effluent on soil and kidney 
bean (Fhaseolus aureus). Analysis of the effluent showed 
that it was slightly alkaline and was rich in bicarbonates 
and Ca. They reported that the pH, organic matter, calcium 
carbonate content, water-soluble salts, cation exchange 
capacity, electrical conductivity, nitrogen and phosphorus 
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of the soil increased when irrigated with the effluent. It 
was recorded in kidney bean that the \indiluted effluent 
restricted the germination to some extent and also retarded 
the height of the plant whilst 25% effluent enhanced it 
considerably. 
Effect of sewage sludge application on heavy metal 
content of sandy soil and cultivated plants was investigated 
by ElsokXary (1984) in Alexandria city. Anaerobically 
digested sewage sludge was applied to sandy soil which was 
then cultivated into alfalfa, faba beans and soybeans. It 
was reported that the application of increasing rates of 
sludge and sludge residue in the soil gave positive results 
for plant growth, metal content and uptake by plants, it was 
concluded that the metal content of the sludge were within 
the safe limits and that there was no hazard from using 
this sludge as a sovirce of nutrients on agricultural 
F.gyptian sandy soils. 
'xickliff et^  al. (1984) studied the response of bush 
bean to chrome tannery sludge in soils at Oregon in U.S.A. 
Soils containing 38% and 7% organic carbon and with 
nitrogen contents of 1.3% and 0.2%, respectively, were 
amended with either commercial N fertiliser or tannery 
sludge which contained 1.6% chromixun. Bush bean was grown 
in the sludge-treated soils and its tops harvested. They 
reported that the first harvest yields of dry matter inc-
reased when tannery sludge was added to the soil. It was 
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concluded that yield of bush bean would increase when 
tannery sludge is added to soils, but benefits of the 
sludge would depend upon : (1) nitrogen status of the soil; 
(2) organic content of the soil; (3) salt and Cr content of 
the tannery waste; (4) plant species; and (5) soil pH 
reaction. 
pollution effect of distillery waste on the growth 
behaviour of Phaseolus radiatus L. was reported by Sahai 
et al, (1985) at Gorakhpxar. The effluent taken was highly 
acidic and contained high amounts of calcium, chlorides, 
bicarbonate, nitrogen and total dissolved solids. It was 
observed that respective lengths of the root and shoot, 
plant biomass, net primary productivity, seed output and 
chlorophyll contents were considerably increased when the 
plants were irrigated with 5% effluents. Increase in solu-
ble nitrogen and protein contents of the seed at effluent 
concentration upto 50 and 15% respectively were also 
recorded, but the distillery effluent as such was found 
to be highly toxic to the growth of the plant. 
^ ' 
leavy metal accxjraxilation by Fisxim sativum cv. Arkel 
irrigated with polluted water was investigated by Veer 
(1985) at Meerut. Growth and yield of the crop, irrigated 
with jpolluted water was found to be more than that irrigated 
with normal water obviously because of occurrence of N, p 
etc. in polluted irrigated water. Total heavy metals were 
also found to be more in plants irrigated with polluted 
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water than those with normal water. These heavy metals 
accumulated in the aerial edible parts eg. seeds. It was 
suggested that as heavy metals were hazardous for hXMtian 
health and the enhanced growth vras due to higher levels of 
nutrition, this irrigation practice with polluted water was 
highly deceptive, as the crop showed better growth, and 
hazardous as heavy metals accumulated in the aerial edible 
parts. 
Sahai and Srivastava (1986) studied, at Gorakhpur, 
the effects of distillery waste on the seed germination, 
seedling growth and pigment content of Gajanus cajan L., 
an important leguminous crop of the area. The effluent was 
highly acidic and predominantly rich in total dissolved 
solids, bicarbonates, chlorides, calcium and nitrogen. They 
noted that increasing concentrations of the effluent induced 
a gradual decrease in the germination percentage and speed 
of germination index. The pure effluent was lethal. They 
also noted that the best seedling growth occurred in 2.5 
percent concentration; even at 5% concentration the growth 
was better than the control. The response declined strikingly 
beyond 10% concentration and it was minimum at 50% concen-
tration. The carotenoid content, however, increased upto 
15% concentration which might be due to enhancing influence 
of increased nitrogen on carotenoid synthesis. The study 
showed that the distillery effluent could be safely used 
for irrigation pxirpose at lower concentrations (upto 2,5 
percent) without use of additional fertilisers. 
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The Impact of distillery effluent in various concen-
trations (1, 2.5, 5, 10. 25, 50, 75 and 100%) on the seed 
germination, speed of germination index, grovrth behavioior, 
leaf area, biomass, net primary productivity, pigment content, 
reproductive capacity, seed output, seed weight, seed den-
sity and the seed protein content of Cicer arietinum L. 
plants was investigated by Srlvastava & Sahai (1987) at 
Gorakhpur. The effluent had very high BOD value and excessive 
concentrations of soluble salts. They observed that the 
percentage and speed of germination of seeds were increa-
singly retarded with increase in effluent concentration 
and at 100% concentration there was no germination. It was 
also observed that the seedlings exhibited maximum shoot 
length at 5% concentration and roaximxam root length at 2.5% 
concentration. The values of root and shoot lengths, leaf 
area, biomass, net primary productivity, pigment content, 
reproductive capacity, seed output, seed weight, seed 
density and seed protein content in pot plants exhibited 
a gradual increase from the control upto 5% concentration 
and decreased at higher concentrations. 
Mukherjee and Sahai (1988) studied at Gorakhpur the 
effect of distillery waste on the seed germination, speed 
of germination index (SGI), seedling establishment, early 
seedling growth, dry weight and aeed output of Cajanus 
cajan L. (var. 5-16). Different concentrations (1, 2.5, 5, 
10, 15, 25, 50, 75 and 100%) of the effluent were used. 
It was observed that no germination occurred in 100% 
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concentration of the effluent, while 5% concentration 
provided optimxira conditions for seed germination, SGI, seed 
output and dry weight, beyond which these parameters dec-
reased. Seedling establishment was 100% upto 5% concentra-
tion after vrtiich it decreased while shoot length was maximum 
in 2.5% concentration. 
Muthuchelian et^  al_. (1988), working at Madurai studied 
the influence of sewage water and sewage soil on photo-
synthesis, nitrate reductase activity and bicxnass accumu-
lation of Phaseolus mungo L. Atomic absorjjtion spectrophoto-
metric analysis revealed that sewage soil was abundant in 
metals in the order of Fb ^  Fe ^  Cu ,Mn , 2n. They found that 
sewage soil promoted chlorophyll synthesis, while net 
photosynthesis and total soluble protein were unaltered. 
In contrast, nitrate reductase (NR) activity and blomass 
accumulation were decreased. Sewage water inhibited chloro-
phyll synthesis, net photosynthesis, NR activity, total 
soluble protein, seedling growth and biomass production, 
which coxild be related to the more availability of metal 
ions in sewage water. The depressed NR activity in sewage 
soil grown plants shewed the xinavailability of nitrate in 
the sewage soil rather than raetal inactivation of nitrate 
reductase enzyme. They recommended that sewage soil, 
supplemented with nitrate, can be used for cultivation 
purpose. 
Paper mill effluent irrigation, when given to groun-
dnut seedling at Bangalore (Karnataka), grown in sand 
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culture decreased the activities of carboxylating enzyme 
(i.e. RuBF-carboxylase) and nitrate reductase in the crop 
(Pathraanabhan and Udayakumar, 1988). 
The impact of various concentrations (1, 2.5, 5, 10, 
25, 50, 75 and 100 per cent) of fertiliser factory effluent 
on seed germination, seedling growth and pigment content 
of Phaseolus vrilgaris was studied by Sahai and Srivastava 
(1988) at Gorakhpur. The effluent was found to be highly 
alkaline (pH 9.0) and was rich in total dissolved solids 
and different forms of nitrogen (mainly ammonia-N, followed 
by urea-N and nitrate-N), It was recorded that seed germi-
nation was 100 percent in 2.5% concentration of the efflu-
ent, but it was minimum in 50% effluent. The effluent was 
inhibitory to the seeds at 75 and 100?4 concentrations. The 
speed of germination was also found to decrease with inc-
rease in effluent concentration, however, its maximum 
value was observed in 2.5?/^  effluent. The effluent was toxic 
to seedlings at high concentrations, but was beneficial at 
2.5 percent. There was a gradual increase in chlorophyll-a 
and -b of seedlings treated upto 2,5% effluent concentra-
tion but declined thereafter. The carotenoid content, 
however, increased gradually with increase in effluent 
concentration. 
Bahadur and Sharma (1989) investigated the effect 
of industrial effluent on the growth characteristics of 
Fisxim sativum L. (var. T-163) at Bareilly. Total solids. 
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oil and grease, sodiiau, lead and chromium were present 
above their tolerance limits in the combined effluent from 
three industrial units. They reported that shoot length, 
root length, number of leaves, branches and Inflorescences, 
leaf area, dry weight of shoot, root and seeds and biomass/ 
plant decreased significantly in the plants receiving efflu-
ent, after 30, 75 and 135 days. However, the reduction in 
number of leaves (19.35%) and leaf area (28.08?'S) was not 
significant at 75 days. 
The study on the effect of textile effluent irri-
gation on growth and productivity of blackgram (Vigna 
mungo) was made by Deivasigamani et al^ . (1989) at Annama-
lainagar. The textile effluent was fovmd to be alkaline 
in nature and it contained large amoxint of suspended and 
dissolved solids resulting in high Biological Oxygen Demand 
and Chemical Oxygen Demand. It contained not only nutrients 
but also toxic chemicals. The raw effluent irrigation in-
hibited all the morphological growth parameters like shoot 
length, root length, number of root nodules, niomber of 
leaves, total leaf area and yield. The mortality rate was 
significantly higher at 75% and 100% of raw effluent 
irrigation. 
The effect of effluents of Synthetics and Chemicals 
Ltd. (Rubber factory), Bareilly on growth contributory 
attributes like net assimilation rate (NAR), leaf area 
ratio (LAR), relative growth rate (RGR) and crop growth 
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rate (CGR) In some forage crops was studied In pot culture 
experiments and a marked reduction in various growth para-
meters was observed (Khan and Varshney, 1989), However, 
Lucerne cv. Anandya Medicago sativa was reported to perform 
fairly well as compared to other crops. The degree of 
tolerance to effluent was in descending order of Lucerne 
cv. Anandya (Medicago sativa) > Sanjl (Melllotus alba)> 
Lucerne cv. Vipul (Medicago sativa) > Akra (Vicia faba). 
Neelam and Sahai (1989) conducted experiments at 
Gorakhpur to study the impact of distillery effluent of 
different concentrations on growth response, nitrogen con-
tent and nitrogen uptake of Vigna radiata cv. K-851. The 
effluent was highly acidic in nature and contained calcium, 
chlorides, bicarbonates and total dissolved solids. Its 
biochemical oxygen demand (BOD) was very high. They noticed 
a marked increase in the length of root and shoot, plant 
biomass and nitrogen uptake when the plants were treated 
with 10 percent effluent, insoluble nitrogen level increa-
sed upto 30 percent and soluble nitrogen upto 50 percent 
effluent concentration. The uptake of nitrogen increased 
upto the third harvest in all the concentrations. High 
concentrations of calcium, chlorides, total dissolved 
solids and BOD of the effluent were toxic to plant. 
An attempt was made by Jabeen and Saxena (1990) 
at Kanpur to find out the effect of industrial (fertiliser 
factory) effluent on growth behaviour of Pisum sativum. 
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The effluent was highly alkaline, rich in total solids, 
calcitmi, chloride, bicarbonate and total nitrogen. The 
plant showed better growth response at low concentrations 
of the effluent. Thus, they recommended that effluent can 
be used for irrigation purposes after proper dilution. 
Kadioglu and Algur (1990), working at Erzurum 
(Turkey) studied the effect of vinasse on some enzymes 
and chlorophyll and protein content of Fisum sativum. The 
composition of vinasse was first analysed and was found to 
contain 8,43% dry matter, 3.3% total ash, 4% crude protein 
and 0.95% total carbohydrates; BOD load was determined as 
63 g litre~ . Different concentrations of the vinasse were 
taken and was found that the activity of cellulase and 
pectin methyl esterase, and the protein and chlorophyll 
contents in potted plants showed a gradual increase frcan 
the control upto 2.5% concentration, but decreased at higher 
concentrations. 
The study on the effect of pre-sowing seed hardening 
treatment on growth and yield of blackgram under disti-
llery effluent irrigation was carried out by Subramanlyan 
et aJL. (1990) at Annamalainagar. The distillery effluent 
was found to be acidic in natixre and it contained large 
amount of suspended and dissolved solids. Growth parameters 
like shoot length, root length, number of root nodules, 
number of leaves, total leaf area and yield was found to 
be reduced under effluent irrigation. An attempt was made 
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to Increase the yield by giving seed hardening treatment. 
Seed hardening with 1% CaCl2 amended the adverse effects 
of effluent irrigation by considerably enhancing the growth 
parameters and yield to a certain extent. 
Siibramaniyan et^  al_. (1990), at Annamalainagar, again 
conducted a second experiment on the effect of distillery 
effluent on seed germination and seedling growth of green 
gram (Vigna radiata). The effluent was reddish brown in 
colour and acidic in nature and contained high amount of 
suspended and dissolved solids resulting in high Biological 
Oxygen Demand and Chemical Oxygen IDemand, Germination stu-
dies were conducted in petridishes with different concen-
trations of the effluent (10, 25, 50, 75 and 100%). Treat-
ments with lower concentrations of the effluent showed 
favourable effect on seedling growth whereas higher concen-
trations inhibited the viability and percentage of ger-
mination. Shoot and root lengths were found to be decreased 
with the increase of the effluent concentrations. 
Effect of distillery effluent on seed germination 
and early seedling growth in black gram and green gram 
was also studied by Vijayakumari & Kumudha (1990) at 
Erode (Tamil rJadu). They found that the seed germination 
and seedling growth was retarded with increase in effluent 
concentrations. However, the effluent upto 2.5% was bene-
ficial for the overall growth of plants. They recommended 
that, in the diluted form the effluent could be used as 
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a liquid fertiliser. 
The effect of textile mill effluent on growth and 
pigment content of green gram (Vigna radiata (L.) Wilczek 
cultivar ADr-3) seedlings was investigated at Annamalai-
nagar. The effluent was brownish in colour and alkaline 
in nature, and was found to be rich in various dissolved 
solids, suspended solids. Biological Oxygen Demand and 
Chemical Oxygen Demand. Chloride, jdiosphate, sxilphate, etc. 
were also present in it. The germination percentage of the 
seeds was found to be decreased progressively with an inc-
rease in effluent concentration; effluent at low concen-
trations of 5% and 10% v/v enhanced the growth and dry 
weight of the seedlings. Higher concentrations of effluent 
caused deleterious effects on seedlings. The pigment content 
also showed the same trend (Vijayarengan and Lakshmanachary, 
1990). 
The effects of gamma-Irradiated sludge on the growth 
and yield of methi (Trigonella £oenum-graecum L.) have been 
studied by Fandya et^  al. (1991) at Baroda. Gamma-irradiated 
sludge was found to inhibit the shoot length after 45 and 
90 days of plant growth compared to plants grown in soil 
containing unirradiated sludge. The untreated sludge did 
not exhibit any detrimental effect, irradiation of sludge 
resulted in higher inhibition of root length of plants 
compared to when unirradiated sludge was used. The gamma-
irradiated sludge negatively affected the physical growth 
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parameters of the plant whereas positive effect was obser-
ved on the biochemical growth parameters and yield of 
methl plants. There was a 3.5-1.7 and 2- fold increase in 
the total protein content, total soluble sugars and starch 
content, respectively after 45 days of growth. The sludge 
did not show any detrimental effect on any of the three 
biochemical parameters studied, even after 90 days of plant 
growth but the sludge was inhibitory to the protein and 
starch content in the latter stages of plant growth. A 
significant increase in the yield of methi plants, after 
45 and 90 days, indicated a beneficial effect of recycling 
of irradiated sludge for agricultural pxirposes. 
Swaminathan and Vaidheeswaran (1991) studied the 
effect of dyeing factory effluents on seed germination and 
seedling development of groundnut (Arachis hypogea) at 
Coimbatore, The effluents contained high amoiints of total 
suspended and dissolved solids, and significant amounts of 
sodixun, potassium, sulphate, nitrate and phosphate, it was 
found that the physiological components of the groundnut 
seedlings were also altered. While diluted effluents 
increased the chlorophyll, carbohydrate and protein content 
of the seedlings, the pure effluent decreased the amount 
of these physiological parameters. Similar effects were 
found for seed germination and seedling development. 
Labotatory experiments were conducted at Bangalore 
by Somashekar et^  al. (1992) to study the effect of effluent 
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from distillery industry on the germination and grovrth of 
Vigna sinensis L. and Trigonella foenxim-graecum. The effl-
uents were acidic and contained large amoxints of dissolved 
solids and significant amounts of chlorides, potassium, 
sulphates and magnesium. The oxygen saturation level was 
found to be low, and BOD and COD values were very high. They 
reported that the concentration of effluent had a direct 
bearing on the rate and percentage of germination. On the 
other hand plant biomass showed a decreasing tendency with 
the increase in the concentration of effluent. 
Aziz et a_l. (1993) carried out an experiment at 
Hathura to study the effect of treated refinery waste water 
on nitrate reductase activity of Vigna radiata var. T-44 
and K-851, The effluent contained considerable amounts of 
nitrate nitrogen, phosphate, potassium, calcium, chloride, 
sodium, sulphate, BOD, COD, etc. as compared to ground water, 
The effluent was found to stimulate NRA at all the sampl-
ings when compared to ground water, A linear increase in 
NRA was noted from 15 to 25 DAS and then activity decreased. 
On the other hand the enzyme activity was stimxilated more 
in var. T-44 as compared to var. K-851. 
A split plot field experiment was conducted at the 
Experimental Farm of Mathura Refinery to compare the effect 
of treated oil refinery effluent with that of ground water 
on the growth and yield of lentil (Lens culinaris) var. 
K-75. After two years study (1990-92) it was found that 
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application of effluent increased all the vegetative charac-
teristics compared with that of ground water of crop during 
both years. There was no significant difference in the seed 
yield during 1990-91 while the effluent increased the seed 
yield by 6.4% in 1991-92 compared with ground water irri-
gation. Therefore, it was suggested that treated effluent 
of Mathtira refinery may be used safely for higher produc-
tivity of lentil (Aziz et al^ ., 1993). 
An attempt was made by Madhappan (1993) at Tiruchi-
rapalli (Tamil Nadu) to observe the effect of tannery 
effluent on seed germination, morphological characters and 
pigment concentration of black gram (Fhaseolus roungo L.) 
and green gram (Fhaseolus axxreus L.) in pot culture experi-
ments. The effluent contained a variety of minerals that 
constitute a rich source of plant nutrients. Percentage 
germination of seeds and crop growth showed significant 
variation treated with the concentrated effluent. Root and 
shoot growth were retarded when they were treated with 
higher concentration of the effluent beyond 50 per cent. 
Moreover, there existed a significantly positive relation-
ship between total chlorophyll content and effluent treat-
ment of lower concentrations. Undiluted tannery effluent 
had a toxic effect on germination and growth. Whereas 25 
per cent effluent concentrations had a growth prcMnoting 
effect which was significantly better than control. 
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2,3 Conclusion 
The foregoing review clearly points out that waste 
water irrigation in dilute form improves growth, yield and 
quality of some leguminous crops, in scxne cases, it has been 
shown to stira\ilate nutrient uptake and nodulation. This 
opens up a new era of research in which wastewater could 
be exploited for increasing the productivity and quality 
of food crops particularly legumes, which are not only the 
chief source of vegetable proteins but are also mainly 
responsible for fixing dinitrogen in arable land. On the 
other hand, irrigation with waste water also resulted in 
the accumulation of heavy metals in crops, which prove 
hazardous for human health. Therefore, it seems desirable 
that an exhaustive study be made taking into consideration 
all the important aspects like analysis of effluent and 
soil, involvement of heavy metals, crop growth and develop-
ment and quality of the grain. The author intends to inves-
tigate in detail the response of some important grain 
legximes to waste water. 
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CHAPTER - THREE 
PROP OSED STUDY 
It is proposed to conduct six field experiments, 
three each on sununer moong, variety T-44 and chickpea, 
variety Pusa 417. These crops will be irrigated with sewage 
wastewater supplemented with different doses of phosphorus 
and potassium under local agro-climatic conditions. The 
field trials on summer moong will be performed dtiring 
•kharif • season while those on chickpea during 'rabi* 
season at the Agricultural Farm of Aligarh Muslim Uni-
versity, Aligarh. 
3.1 preparation of soil 
Before sowing, the field will be thoroughly ploughed 
to ensure maximum soil aeration and elimination of weeds. 
Inorganic fertiliser, according to the plan of the experi-
ments in addition to a uniform basal dressing of well 
rotted farm yard manure will be applied to the experimental 
plots, 
3.2 Soil characteristics 
Soil sample will be collected prior to each sowing 
from various plots at a depth of about 10-15 cm. The 
collected samples will be mixed to form a ccxnposite soil 
sample and this will be analysed for various physico-
chemical properties. 
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3.3 Seed treatroent 
Authentic seeds of the cultivars will be tested for 
thelr-vlability. Surface sterilisation of the seeds will 
also be done with ethyl alcohol. The seeds will be inocu-
lated with the specific bacterial culture. 
3.4 Experiments on sununer moong 
Three experiments will be conducted on sximmer moong 
during the 'kharif • seasons. 
3.4,1 Experiment I 
This field trial will be carried out to study the 
interaction effect of basal application of phosphorus and 
two types of irrigation water on the perfonnance of summer 
moong variety T-44, In a split plot design field experi-
ment, main plots will be assigned the two sources of 
irrigation water, viz. tube well water and sewage water 
and four levels of phosphorus, viz. 0, 20, 40 and 60 kg 
F20c/ha will be applied to sub-plots with three repli-
cations. A uniform basal dose of nitrogen (10 kg N/ha) 
and potassium (40 kg K20/ha) will be given to each sub-
plot. The sources of nitrogen, phosphorus and f>otassi\am 
will be urea, raonocalcixim superphosphate and mxiriate of 
potash respectively. The size of each sub-plot will be 10 
sqm. Healthy seeds will be sown by the usual 'behind the 
plough method•. The distance between plants and between 
the rows will be maintained at 15 cm and 30 cm respectively. 







































































































































thrice at 15, 30 and 45 days after sowing (EAS). For asse-
ssing the growth performance of the crop, three plants will 
be collected from each sub-plot at 15, 30 and 45 DAS. At 
physiological maturity various field parameters including 
seed yield as well as seed protein content will be studied. 
3,4,2 E3<;periment II 
This split plot design experiment will be conducted 
simultaneously with Experiment I to study the effect of 
potassium alone and in combination with two sources of irri-
gation water on variety T-44. Like experiment I, main plots 
will consist two sources of irrigation water and four 
levels of potassium, viz. 0, 20, 40 and 60 kg K20/ha will 
be given to sub-plots. Each treatment will be replicated 
thrice. A uniform basal dose of nitrogen (10 kg N/ha) and 
phosphorus 40 kg F20c/ha will be applied at the time of 
sowing. The sources of nitrogen, phosphorus and potassium 
will be tirea, monocalcium superphosphate and muriate of 
potash respectively. The other agricultural practices will 
be the same as in Experiment I, 
3.4.3 Experiment III 
This experiment will be conducted according to 
factorial randomised block design, during the next 'kharif• 
season to find out the interaction effect of phosphorus and 
potassium on variety T-44 treated with sewage water only. 
The levels of phosphorus and potassium will be the same 
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dose of nitrogen (10 kg N/ha) will be applied. The crop 
will be irrigated with sewage water only at 15, 30 and 45 
days after sowing. Other agriciiltural practices will be 
the same as in previous Experiments. 
3,5 Experiments on chickpea 
Three experiments will be conducted on chickpea 
during the 'rabi' seasons, 
3.5.1 Experiment IV 
This experiment will be conducted to find out the 
effect of phosphorus and two sources of irrigation water 
on the growth, yield and quality of chickpea, variety 
Pusa 417. The irrigation water will be obtained from 
sewage and txibe well. The design of this experiment will 
be split plot. Main plots will be comprised of two sources 
of irrigation water (tube well water and sewage water) and 
four doses of phosphorus (0, 20, 40 and 60 kg FjOc/ha) will 
be applied to sub-plots. Each treatment will be replicated 
thrice. The crop will be irrigated thrice at 60, 90 and 
120 days after sowing, A uniform basal dose of nitrogen 
(10 kg N/ha) and potassium (40 kg KjO/ha) will be given to 
each siab-plot. The sources of nitrogen, phosphorus and 
potassium will be lorea, monocalcium superphosphate and 
muriate of potash respectively. Sowing will be done by 
"behind the plough method". Weeding will be done from time 
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3.5.2 Experiment V 
This experiment will be conducted according to split 
plot design simultaneously with Experiment 1. The objective 
of this experiment will be to find out the effect of potassium 
applied basally and two sources of irrigation water on the 
growth, yield and quality of the same variety as in Experiment 
IV. Two sources of irrigation water, viz. sewage water and 
t\ibe well water will be applied to main plots and foxir levels 
of potassium, viz. 0, 20, 40 and 60 kg K20/ha will be given 
to sub-plots. Each treatment will be replicated thrice. A 
uniform basal dose of nitrogen (10 kg N/ha) and phosphorus 
(40 kg PjOc/ha) will be applied to each sub-plot. The sources 
for nitrogen, phosphorus and potassium will be urea, mono-
calcium, superphosphate and muriate of potash respectively. 
Other agricultural practices will be the same as in Experi-
ment I. 
3,5.3 Experiment VI 
This experiment will be carried out during the 
following rabi season. The aim of this experiment will be to 
find out the interaction effect of phosphorus and potassium 
on the same variety as in previous Experiments. The plots 
will be irrigated with sewage water only. The design of the 
experiment will be factorial randomised and four levels each 
of phosphorus (^ 2^ 5^  ^^^ potassium (K2O), viz. 0, 20, 40 
and 60 kg/ha will be applied at the time of sowing. A uniform 
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The other agricultural practices from sowing to harvesting 
will be the same as in earlier experiments. 
3.5 Sampling 
3.6.1 Soil and water 
Samples of soil will be collected for analysis before 
sowing and after harvesting of each experiment, while the 
samples of water (sewage and ground water) will be collected 
before each irrigation. 
3.6.2 Plants 
In order to assess the effect of waste water appli-
cation and fertiliser treatments on crop, 5 plants will be 
collected randomly from each plot at different growth stages 
for the study of following characteristics : 
I. Growth characteristics 
1. Branch number 
2. Shoot fresh weight 
3. Shoot dry weight 
4. Nodule number 
5. Root fresh weight 
6. Root dry weight 
7. Leaf area index 
8. Crop growth rate 
9. Relative growth rate 
10. Net assimilation rate 
II. Physiological characteristics 
1. Assay of nitrogenase activity (acetylene reduction 
technique) 
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2. Carbondioxide exchange rate 
3. Stomatal resistance 
4. Transpiration rate 
III. Biochemical characteristics 
1. N content of leaves (%) 
2. F content of leaves (%) 
3. K content of leaves (%) 
4. Heavy metals contents in leaves 
5. protein content of seeds (%) 
6. Heavy metals contents of seeds (^/ 
IV. Yield characteristics 
1. Pod number per plant 
2. Seed number per plant. 
3. 1,000 seed weight (g) 
4. Seed yield (q/ha) 
5. Harvest index 
The details of some of the growth, physiological and 
biochemical parameters are given below. 
3.7 Growth characteristics : 
3.7.1 Leaf area index (lAI) 
It will be calculated by using the following formula 
suggested by Watson (19-S8). 
LAI - Leaf area per plant 
~ Area occupied per plant 
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3.7.2 Crop growth rate (CGR) 
CGR will be calculated using the formula given by 
V/atson (1952). 
CGR= 3 ^ . ^ 
where, 
dW = difference in dry weight at a given time 
dt = time interval 
P = land area 
3.7.3 Relative growth rate (RGR) 
It will be calculated according to the formula given 
by Radford (1957). 
RGR = m W^ - m W^ 
t2 - t^ 
where, 
VJ. and W2 are the dry weights at times t. and tj 
respectively, 
3.7.4 Net assimilation rate (NAR) 
It will be calculated according to the following 
formula (Hilthrope and Moorby, 1979) 
NAR = ^ 2 - ^ 1 1" ^ 2 - 1" '^l 
^2 ' ^1 ^2 ~ ^1 
where, 
Wj^  and W2 are plant dry weight per unit ground area. 
A^ and Aj are leaf areas per unit land area at tiroes 
t, and t2 respectively. 
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3.8 Fhyslological characteristics 
3.8.1 Assay of nltrogenase activity (acetylene reduction 
technique) 
Nltrogenase Is a versatile enzyme that catalyses the 
reduction of N2 to NH-,» *-^ 2^ 2 ^ ° ^2^4 ^^^ various other s\±»s-
trates (eg. N2O, N^H-CN, R-CCH, etc.), Nltrogenase activity 
of Intact nodviles on excised root system will be assayed 
following the methods of Hardy et_ al» (1968). Excised roots 
will be taken in conveniently sized containers, eg. glass 
bottles, with a rubber septum as the stopper to allow it 
to be pierced by a disposable syringe. Some gas will be 
withdrawn from the sample container by syringe and replaced 
with the same amoxint of acetylene. After a suitable time 
(30 mln. - 1 hr.) gas samples (0.5 - 1 ml) will be taken 
with a disposable syringe and will be Injected to gas 
chromatograph (Series 5700 Gas Chromatograph). Ethylene 
standard will be used to calculate the actual concentration 
of ethylene produced by the nodules. 
Calculations 
a. peak height (cm) of ^2^^ in the injection-volume = 'a' cm 
b. peak height for 1 ml injection volume (standard) = *b' cm 
c. n mole C^tij^ corresponding to the 'b • cm peak height from 
standard graph = 'c' n moles. 
d. Volume of vial = 'd* ml 
e. Substrate volume of nodulated roots ('e* ml) from 'd' 
to get the volume of gas phase in a vial = (d-e) s 'f• ml. 
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f. n moles {C2H./vlal = fxc for 30 mln. Incubation 
g. Express rates as : 
u mole C2H4/g dry wt. of nodules/H = L'^of nodules 
or, u mole C^H./g fresh wt. of nodules/h = ^ ^  j ^  ^ , • 2 4'=' ' fw of nodules 
or, u mole C2H./plant/h = f x C. 
3.8.2 Carbondioxlde exchange rate 
Carbondioxlde exchange rate (CER) will be measured 
with the help of L1-6200 which consists of a CO2 analyser, 
a system console and a sensor housing with interchangeable 
leaf chambers. 
3.8.3 Stc«natal resistance and transpiration rate 
Stomatal resistance and transpiration rate will be 
measured by using LI-5200 Portable Photosynthetic system 
at different intervals. 
3.9 Chemical analysis of plants 
Chemical analysis of leaves (at each growing stage) 
and of grain (at harvest) will be carried out as follows : 
3.9.1 Leaf analysis 
Healthy leaves from dried plant shoots will be 
powdered and passed through a 72 mesh screen. The leaf 
powder of each sample will be kept overnight at 70°C, 
after which digestion of the sample and subsequent analysis 
for its N, p and K contents will be performed as follows : 
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3.9,1,1 Digestion of leaf powder 
Leaf powder will be digested according to Lindner 
(1944), 100 nvg of the leaf powder will be carefully trans-
ferred to a 50 ml kjeldahl flask and 2 ml of chemically 
pure sulphuric acid will be added. Digestion will be con-
tinued on a heating mantle for 2 hours to allow complete 
reduction of nitrates present in the plant material. When 
the colour of the material turns to brownish black, the 
flask will be cooled for 15 minutes, followed by dropwise 
addition of 0,5 ml of chemically pure 30% hydrogen peroxide. 
The solution will be heated for about half an hour till 
its colour changes from brownish black to light yellow. 
It will then be cooled and an additional amount of 3-4 
drops of hydrogen peroxide will be added, followed by gentle 
heating for another 15 minutes to get a clear and colourless 
solution. 
The peroxide digested material will be transferred to 
a 100 ml volumetric flask and the volume will be made up 
to the mark with double distilled water. Required aliquots 
of the peroxide digested material will be used to estimate 
the nitrogen, phosphorus and potassium contents, 
3.9,1,2 Estimation of nitrogen 
The method of Lindner (1944) will be adopted for 
the estimation of nittogen in the samples. 
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A 10 ml aliquot of the peroxide digested material 
will be taken in a 50 ml volumetric flask and to this 2 ml 
of 2,5N sodium hydroxide will be added to neutralise excess 
of the acid. In order to prevent turbidity, 1 ml of 10% 
sodium silicate solution will be added and the volume of 
the solution will be made upto the mark with the help of 
distilled water. 5 rr.l of this solution will be taken in a 
10 ml graduated test t\jbe and 0,5 ml of Messier's reagent 
will be added dropwise, being mixed thoroughly after each 
drop. The final volume will be made up with distilled water 
and the tube will be allowed to stand for about 5 minutes 
for maximum colour development. 
The solution will be transferred to a colorimetric 
tube and the optical density of the solution will be deter-
mined at 525 nm on a Bausch and Lomb "Spectronic-20*' colo-
rimeter. A blank consisting of distilled water and Nessler's 
reagent will be run simultaneously, A calibration curve 
will be obtained by using known dilutions of a standard 
ammonixim sulphate solution and the reading of each sample 
will be compared with this calibration curve. Nitrogen in 
the leaves will be determined in terms of percentage on 
dry weight basis, 
3.9.1.3 Estimation of phosphorus 
Phosphorus will be estimated according to the method 
of Fiske and Sijbba Row (1925). 
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A 5 ml aliquot of the peroxide digested material will 
be taken in a 10 ml graduated test tube and 1 ml of moly-
bdic acid (2.5% ammonium molybdate in ION sulphuric acid) 
will be added carefully, followed by the addition of 0.4 ml 
of 1,2,4-amino-naphtholsulphonic acid. The colour of the 
solution will turn blue. Distilled water will be used to 
make the volxime up to the mark. The solution will be kept 
for 5 minutes to allow colour development and then trans-
ferred to a colorimetric tube. 
The optical density of the solution will be read at 
620 nm on a "spectronic-20" colorimeter. A blank will be 
run simultaneously with each determination. The standard 
calibration curve will be prepared by using known concen-
trations of monobasic potassium j^ iosphate solution. The 
reading of the samples will be compared with this curve and 
phosphorus content in the leaves will be computed in terms 
of percentage on dry weight basis, 
3,9»1,4 Estimation of potassium 
potassium content in the leaves will be estimated 
flame photometrically. A 10 ml aliquot will be taken and 
read at 768 nm after proper dilution. A blank containing 
only distilled water will be run side by side. The readings 
will be compared with a calibration curve plotted for 
different dilutions of standard potassium sulj^ate. 
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3.9,1.5 Estimation of heavy metals In leaves 
50 9 dried powdered leaves will be digested with 
nitric acid and perchloric acid. After appropriate dilution, 
the digest will be analysed for heavy metals v/ith the help 
of Atomic Absorption Spectrophotometer, 
3.9,2 Grain analysis 
The grains of each sample will be chemically analysed 
for its protein and heavy metal content. 
The dry grain samples will be ground to fine powder 
and passed through a 72 mesh sieve. The powder will be 
stored in polythene bags. It will be dried overnight in 
an oven at 80°C before analysis. 
3.9,2,1 Estimation of protein 
protein will be estimated following the method of 
Lowry ejt al^ . (1951), 
For extraction of soluble and insoliible protein, grain 
powder will be kept in an oven at 80 C overnight. Then it 
will be cooled and 50 mg sample will be transferred to a 
mortar to which 1 ml of distilled wat^r will be added. The 
powder will be ground well and transferred to a centrifuge 
tube with repeated washings and volxime made upto 5 ml with 
distilled water. The extract will be then centrifuged at 
4,000 rpm for 5 minutes and the supernatant collected for 
soluble protein. 
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To the residue 5 ml of 5% trichloroacetic acid will 
be added. The solution will be allowed to stand at room 
temperature for 30 minutes with thorough shakings. It will 
then be centrifuged at 4,000 rpm for 10 minutes and the 
supernatant will be discarded, 5 ml of IN sodium hydroxide 
will be added to the residue and mixed well by shaking. 
The residue will be allowed to stand in a water bath at 
80°C for 30 minutes. Then it will be cooled and centri-
fuged at 4,000 rpm. The supernatant, together with three 
washings with 1 N sodium hydroxide, will be collected in 
a 25 ml volumetric flask. The volvime will be made upto the 
mark with IM sodium hydroxide and will be used for the 
estimation of insol\able protein. 
For the estimation of soluble protein, 1 ml of water 
extract will be transferred to a 10 ml test tube, 5 ml of 
reagent C (Appendix) will be added. The solution will be 
mixed well and allowed to stand for 10 minutes at room 
temperature. 0,5 ml of reagent E (Appendix) will be added 
rapidly with immediate mixing. After 30 minutes,' the blue 
coloured solution will be transferred to a colorimetric 
tube and its intensity will be measured by reading its 
optical density (O.D.) at 660 nra, using a "Spectronic-20" 
colorimeter. A blank will be run simultaneously. The 
solv±>le protein content will be estimated by comparing the 
optical density of each sample with a calibration curve 
plotted by taking known dilutions of a standard solution 
of egg albumin. 
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For the estimation of insoluble protein, 1 ml of 
sodixiin hydroxide extract will be transferred to a 10 ml 
test tube and 5 ml of reagent E will be added rapidly with 
immediate mixing. After 30 minutes, the intensity of the 
blue solution will be measured at 490 nm using a "spectro-
nic-20" colorimeter, 
3.9,2.2 Estimation of heavy metals 
Heavy metals in the grain will be analysed, after 
digesting the grain powder, with the help of Atomic Absor-
ption Spectrophotometer. 
3,9,3 Soil analysis 
The soil will be analysed for various physico-
chemical properties. To obtain a composite sample, small 
amoxont of soil is to be collected upto the desire depth 
(15 cm) by means of suitable tools at least from 10 to 15 
well distributed spots. The soil will be thoroughly mixed 
on a polythene sheet. Only about 500 gra of this composite 
sample will be retained for analysis. It will be kept in 
polythene bags with proper labels for identification. 





4, Organic carbon 
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5. E.G. 






12. Heavy metals 
3.9.3.1 preparation of soil sample in the laboratory 
In the laboratory, the soil sample will be spread on 
a sheet of paper to break large lumps with a wooden pestle, 
and passed through a 2 mm sieve. 
3.9.3.2 Soil texture 
It will be determined by a rapid procedure by feeling 
or rubbing the soil between the thumb and the fingers. For 
this a small quantity of the dry soil will be moistened and 
mixed thoroughly on a glass dish to form a soft ball and 
then worked until stiff and squeezed out between thumb 
and forefingers, 
3.9.3.3 Estimation of cation exchange capacity (CEC) 
For this following chemicals will be required i 
0.2N HCl, O.lN NaOH, 1% KCl solution, phenolj^thalene. 
AgNO^ solution. 
To 10 g soil 0,2N HCl will be added till the soil 
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becomes acidic* It will be shaken for 1/2 hour, then fil-
tered and washed with D.D.W. till it is free from chloride 
ions, which will be tested with AgNO^. The residue will be 
transferred from the filter paper to a beaker and a sus-
pension of known concentration will be prepared. It will 
be then treated with the same volume (10 ml) of standard 
KCl solution. It will be shaken for 1/2 hour and left 
overnight. Then this filtrate will be titrated against 
O.IN NaOH using phenolphthalene as indicator. 
3.9.3.4 Estimation of pH 
It will be done with the help of pH meter. To 10 g 
of the soil, 25 ml of distilled water will be added and 
thoroughly shaken. After a 30 minutes lapse, pH of the sus-
pension will be observed. The pH meter will be checked with 
a standard buffer of known pi» 
3.9.3.5 Estimation of organic carbon 
It will be done according to the method given by 
Walkley and Black (1934), 2-10 g of soil will be taken in 
a 500 ml conical flask. To this, 10 ml of IN potassium 
dichromate solution (Appendix) and 20 ml of concentrated 
sulp»huric acid (Appendix)and 1 ml of diphenylamine indi-
cator (Appendix) will be added. A deep violet colour will 
appear and will be titrated with 0,5N ferrous ammonium 
sulphate solution (Appendix) till the colour changes to 
purple and finally green. Simultaneously, a blank will 
be run without soil. 
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3.9.3.6 Estimation of electrical conductivity 
200 gms of soil will be shaken intermittently with 40 
ml of distilled water in a 150 ml conical flask for one hour 
and allowed to stand. The conductivity of the supernatant 
liquid will be determined with the help of salt (conduc-
tivity) bridge. The apparatus will be adjusted to a known 
temperature (say 25 C) of the solution. 
3.9.3.7 Estimation of nitrate nitrogen 
This will be done according to the method of Ghosh 
et al. (1983). 20 g of soil will be shaken continuously with 
50 ml of distilled water for 1 hour in a 100 ml conical 
flask fitted with a rxxbber stopper. A pinch of CaSO^ or 
CaO will be added and shaken. Then the contents will be 
filtered through a Whatman No. 1 filter paper. 20 ml of 
clear aliquot will be transferred to a 50 ml porcelain 
dish and will be evaporated to dryness on a steam bath. 
Then, it will be cooled and 3 ml of phenol disulphonic 
acid (Appendix) added and allowed to react for 10 minutes. 
15 ml of distilled water will be added and stirred with 
a glass rod until the residue is dissolved. After cooling, 
the contents will be washed down into a 100 ml volumetric 
flask. To this ammonia (1:1) will be added slowly (Appen-
dix) mixing well till the solution becomes alkaline which 
will be indicated by the yellow colour due to the presence 
of nitrate. Then, another 2 ml of ammonia will be added 
and finally the volxime made upto 100 ml with distilled 
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water. The intensity of yellow colour will be read in the 
"Spectronic-20" colorimeter at 420 nm wave length* 
For preparing standard curve for nitrate, a stock 
solution containing 100 ppm nitrate will be prepared by 
dissolving 0,7215 g of potassium nitrate in water and the 
volume made upto one litre. This will be diluted ten times 
to give a 10 ppm NO^-N solution. Aliquots (2,5,10,15,20 
and 25 ml) will be evaporated on water bath to dryness in 
small porcelain dishes. After cooling 3 ml of phenol 
sulidionic acid will be added and yellow colour will be 
read as described above. Simultaneously, a blank will also 
be run. 
3,9.3.8 Estimation of available phosphorus 
To 2,5 g of soil in a 100 ml conical flask, a pinch 
of Darco-G-60 or equivalent grade of activated carbon (free 
of phosphorus) will be added followed by 50 ml of Olsen's 
reagent (Appendix), A blank will be run without soil. The 
flask will be shaken for 30 minutes on a shaker and then 
the contents will be filtered through Whatman No, 1 filter 
paper. In the fliterate, phosphorus will be estimated 
colorimetrically by Dickman and Bray's (1940) method, 
5 ml of soil extract will be pipetted into 25 ml 
volumetric flask to which 5 ml of Dickman and Bray's 
reagent (Appendix) will be poured drop by drop with 
constant shaking till the effervescence due to CO^ 
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evolution ceases. The neck of the flask will be washed down 
and the contents diluted to 22 ml. Then, 1 ml of stannous 
chloride solution (Appendix) will be added and volume made 
up to the mark. The intensity of blue colour will be read 
at 660 nm. 
For the preparation of standard curve for phosphorus, 
0.439 g of potassium dihydrogen orthof*iosphate (KH2PO^) will 
be dissolved in about half a litre of distilled water. To 
this 25 ml of 7N H2SO. (Appendix) will be added and volume 
made upto the mark with distilled water. This will give a 
100 ppm stock solution of j^iosphorus (100 ug P per ml). 
From this, a 2 ppm fiiosphorus solution will be made (50 
times dilution). For the preparation of the standard curve 
different concentrations of phosphorus (1,2,3,4,5 and 10 
ml), each containing 2 ppm P, will be taken in 25 ml 
volumetric flasks. To each- of these 5 ml of the extracting 
reagent (Olsen's reagent) will be added and the colour will 
be developed by adding Dickman and Bray's reagent and 
stannous chloride. The colour will be read at 660 nm. The 
curve will be plotted taking the colorimeter reading on 
the vertical axis and the amount of phosphorus (in ug) 
on the horizontal one. 
3.9,3,9 Estimation of potassium 
5 g of soil will be shaken with 25 ml of neutral 
normal ammonium acetate of pH 7 (Appendix) for 5 minutes 
and will be filtered immediately through a dry filter 
49 
paper (Whatman No. ! ) • Potassium concentration in the ext-
ract will be determined using a flame photometer after 
setting and calibration of the instrument. 
For the preparation of standard curve for potassium, 
from the stock solution of potassium chloride (Appendix) 
aliquots will be diluted (in 50 or 100 ml flasks) with 
ammonium acetate solution to give 10 to 40 ppm of potassium. 
These will be read in flame photometer after setting at 
zero for the blank (ammonium acetate) and at 100 for 40 
ppm of potassium. The curve will be obtained by plotting 
the readings against the different concentrations (10, 15, 
20, 25, 30, 40 ppm) of potassium. 
3.9,3.10 Estimation of sodixim 
The determination of sodium will be carried out 
directly with the help of flame photometer, using appro-
priate filters and standard curves by taking known concen-
trations of sodium. 
For the standard curve of sodium 5.845 g of NaCl 
will be dissolved in water and volxame made upto one litre. 
This will give 100 milliequivalents per litre of sodium. 
From this stock solution, 5, 10, 20, 30, 40 and 50 meq Na/1 
will be prepared. A curve will be drawn by plotting the 
flame photometer readings on the Y-axis against concentra-
tions of sodium on X-axis. The sodium concentration in the 
unknown sample will be read from the curve. 
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3.9.3.11 preparation of HCl extract for calclxim and magne-
sium estimation 
Calclxjun and magnesium will be analysed according to 
Chopra and Kanwar (1982). 20 g of dry soil be placed In 
a 500 ml conical flask. To this, 200 ml of hydrochloric 
acid will be added. Then, it will be boiled gently for 
one hovur on a hot plate. It will be filtered through 
Whatman No, 50 filter paper fitted in a Buchner funnel. 
The washing of residue with hot water containing 50 ml 
HCl/1 will be continued until 500 ml of the extract is 
obtained. It will be used for estimation of calcium and 
magnesium. 
3.9,3,12 Estimation of calcium 
Combined filtrate and washings will be concentrated 
to about 50 ml. To this, 5 g of ammonium chloride will be 
added and by adding NH^OH (1+1) it will be made slightly 
alkaline. Standard solution of ammonium oxalate will be 
added as long as precipitation occurs, followed by its 
slight excess. Calcium ions will be ccaiverted into calcium 
oxalate. Then, 2 drops of methyl red indicator, followed 
by 0,1N HCl (Appendix) will be added till the coloiir 
changes to light pink. Then, it will be heated to boiling 
and allowed to stand for 3 hours or more if needed. It 
will be filtered and dissolved with HCl (1+10). The fil-
ter paper will be washed with hot water 5-6 times. Calcium 
will be precipitated again by adding ammonium hydroxide 
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and anunonium oxalate solution. It will be filtered again 
through the same filter and washed with hot water. Filtrate 
and washings will be reserved for the estimation of magne-
sium. The precipitate of calcium oxalate will be dissolved 
in dilute sulphuric acid and titrated against 0.05N KMnO. 
solution, 
3,9,3.13 Estimation of magnesium 
To the combined magnesium filtrate and washings 
from calcium determination, 2 ml of citric acid, 100 ml 
of ammonia and 50 ml of ethyl alcohol will be added, 
followed by the addition of 25 ml of 10% ammonium phos-
phate with constant stirring. It will be allowed to stand 
overnight. The solution will be filtered and the final 
volxime will be made upto 100 or 150 ml. To this solution, 
10-15 ml of ammonia and 2 drops of ammonium phosphate will 
be added. It will be stirred vigorously and allowed to 
stand for 3 hours or longer. It will be filtered through 
a gooch crucible and will be washed with ammonia (1+9), 
A filter paper will be moistened with sat\irated ammonical 
solution of ammonium nitrate, precipitate will be ignited 
and weighed as MgjPo^v "^^ ^ percentage of magnesium will 
be calculated as : 
weight of magnesi\am = Wt, of V\g2^2'^l ^ 0.2162, 
3,9,3.14 Estimation of heavy metals 
The source of Irrigation water will be raw sewage 
water pump of Civil Lines area of Aligarh. Since this 
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wastewater will be applied to the soil, there may be accu-
mulation of some heavy metals in the soil. Therefore, the 
irrigation water as well as the soil will be analysed for 









Analysis for heavy metals in soil will be done 
after digesting the soil, with the help of Atomic Absorption 
Spectrophotometer, 
3.9»4 Physico-chemical analysis (Water) 
Samples of irrigation water will be analysed for 
their physical-chemical characteristics in accordance with 
irrigation water quality cirteria. As irrigation may result 
in water-logging, salinity and alkalinity. It is very 
Important to know its quality. The following parameters 
will be studied ; 
1. Total soluble salts 
2. Temperature 
3. Odour 





8. Carbonate and Bicarbonate 
9 . C h l o r i d e 
1 0 . S u l j * i a t e 






17. Total dissolved solids 
18. Heavy metals. 
3.9.4.1 Sampling of irrigation water 
Water from the irrigation sources will be collected 
in 5 litre bottles and will be stored with suitable identi-
fication marks since it will not be possible to study all 
the parameters within 24 hours. Thus, odour, pH, alkalinity, 
hardness, temperature and BOD will be noted immediately 
while nitrate and phosphate will be estimated within 24 
hours and E.G., total dissolved salts, potassium, sodium, 
sulphates, turbidity, heavy metals will be analysed within 
the next few days. Water samples will be stored at below 
4 c and analysis will be done preferably within 24 hours. 
Various methods of water analysis will be adopted from 
APHA (1985). 
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3.9.4.2 Estimation o£ total solijble salts 
100 ml of filtered water will be taken in a tarred 
porcelain dish. It will be evaporated to dryness on a water 
bath and then cooled. Drying will be done in a dessicator. 
The weight will be taken. The weight of the residue will 
represent the total salts in 100 ml of sample, 
3.9.4.3 Temperature 
Temperature measurements will be made with a good 
grade of mercury filled Celsius thermometer. As a minimum, 
the thermometer should have a scale marked for every 0,1*^ C. 
Markings should be etched on the capillary glass. It should 
have a minimal thermal capacity to permit rapid equili-
bration, 
3.9.4.4 Odour 
Most organic and some inorganic chemicals contribute 
to the odour. These chemicals may originate from municipal 
and industrial waste discharges or decomposition of vegetable 
matter. Method adopted from AFHA (1985, pp. 85-91), 
3.9.4.5 Estimation of electricAl conductivity 
Samples will be directly read using a conductivity 
meter by putting the sample in the beaker. The apparatus 
will be adjusted to a known temperature (say 25'^ C) of the 
solution. 
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3.9.4.6 Estimation of t^ 
pH will be determined with the help of pH meter. The 
pH meter will be checked with standard buffer of known pH, 
3.9.4.7 Estimation of sodium 
This estimation will be carried out directly with 
the help of a flame photometer using appropriate filters 
and standard cxirves by taking known concentrations of a 
sodium salt. For standard curve of solution, 5.845 g of NaCl 
will be dissolved in water and volume will be maintained at 
one litre. This will give 100 milllequivalents per litre of 
Na, From this stock solution dilutions containing 5,10,20, 
30,40 and 50 meq/Na/l will be prepared. A curve will be 
drawn by plotting the flame photometer readings on the Y-axis 
against concentrations of sodium on X-axis. The concentration 
of sodium in the unknown sample will be read from the curve. 
3.9.4,8 Estimation of potassium 
Potassium determination will be carried out direc-
tly with the help of a flame pdiotometer using appropriate 
filters and standard curves by taking the known concentration 
of a potassium salt. For the standard curve for potassium, a 
stock solution of 1,000 ppm potassium will be prepared in 
distilled water by dissolving 1.908 g of KCl per litre. 
Dilute solutions having 2,5,10, 15 and 25 ppm potassium will 
be prepared from the above stock solution. A standard curve 
will be prepared from the above stock solution. The standard 
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curve will be prepared by plotting the flame photometer read-
ings against concentrations of potassium. 
3.9,4.9 Estimation of carbonates and bicarbonates 
50 ml of water will be taken in a clean flask. To this 
5 drops of pheicphthalene indicator (Appendix) will be added. 
The development of pink colour will indicate the presence of 
carbonates. It will be titrated against O.OlN sulphuric acid 
(Appendix), till the solution becomes colourless. 
To this coloxirless solution 2-3 drops of methyl red 
solution (Appendix) will be added. Titration will be con-
tinued till the colour changes from yellow to rose red. This 
will be for the estimation of bicarbonates. 
3.9.4.10 Estimation of chloride 
50 ml of water sample will be taken in a flask and to 
this 0.5 ml Y^Cr^O. indicator (Appendix) will be added; it 
ill be titrated against AgN02 solution (Appendix). w 
3.9.4.11 Estimation of sxilf^ ate 
50 ml of sample will be taken in a flask. To this, 
2.5 ml conditioning reagent (Appendix) and a small amount 
of BaCl2 will be added, shaking it for one minute and then 
v/ill be read in spectrophotometer. 
For the standard curve for sulphate, standard sulphate 
solution will be made by dissolving 147,9 g Na2SO- in double 
distilled water and then diluting it to 100 ml. From this 
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stock solution containing 10, 20, 30 and 40 ppra solutions will 
be made by appropriate dilution, 
3.9,4.12 Estimation of nitrate nitrogen 
First nitrate standards will be prepared in the range 
0.1 to 1 mg/1 N by diluting 1.0, 2.0, 4.0, 7.0 and 10.0 ml 
standard nitrate solution to 10.0 ml with distilled v/ater. 
If the sample contains residual chlorine, it shall be removed 
by adding 1 drop (0.05 rr.l) sodium arsenite solution for each 
0.1 mg CI and mixed. For colour development, required number 
of reaction tiibes in the wire rack must be set, and then 
spaced so that each tube is surrounded by empty spaces. Reac-
tion t\ibe is taken for a reagent blank and for as many stan-
dards as desired. To each tube 10.0 ml sample is added, then 
placed in a cool water bath and 2 ml NaCl solution added. 
It will be mixed well, then 10 ml H2SO. added, further mixed 
and cooled. 0.5 ml brucine-sulfanilic acid reagent is added 
to it; the tubes are swirled to mix and placed in water 
bath having not less than 95 C temperature. After 20 minutes 
cooling is done by cold water bath. Reading is taken against 
the reagent blank at 410 nin in the spectrophotometer. 
Standard curve will be prepared from the absorbance 
values of the standard (minus the blank) run together with 
the samples and is corrected by subtracting their "sample 
blank" values from their final absorbance values. The con-
centrations of nitrate nitrogen wiri^^^jgjjgg^directJly from 
the standard curve. 
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3.9.4,13 Estimation o£ antmonia nitrogen 
For the estimation of ammonia nitrogen, first preli-
minary distillation will be performed. 500 ml of ammonia free 
water will be added to 20 ml borate buffer and the pH will 
be adjusted to 9.5 with 6N NaOH solution. A few glass beads 
or boiling chips will be added to this and the mixture will 
be used to steam out the distillation apparatus until the 
distillate shows no trace of ammonia. If the ammonia nitrogen 
content is less than 100 ug/1 a sample volume of 4,000 ml 
will be used. This will be the diluted sample. Residual 
chlorine will be removed in the sample by adding dechlori-
natlng agent. 25 ml borate buffer will be added and the pH 
adjusted to 0.5 with 6N NaOH, using a pH meter. Distillation 
of the sample will be done. The steamed out flask will be 
disconnected and immediately the sample will be transferred 
to the distillation apparatus. It will be distilled at a 
rate of 6 to 10 ml/minute, with the tip of delivery tube 
si±)merged. The distillate will be collected In a 500 ml 
Erlenmeyer flask, containing 50 ml boric acid solution. At 
least 300 ml of distillate will be collected. It will be 
diluted to 500 ml with ammonia free water. 100 ml of the 
sample will be taken in a 500 ml Kjeldahl flask with ammonia 
free distilled water and diluted to 250 ml. Again, its 
distillation will be done as described before with a few 
pieces of paraffin wax being added to the distillation 
flask and 100 ml of distillate will be collected. 
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Ammonia in the distillate \vill be titrated against 
standard 0.02N H^SO^ until the indicator tiirns a pale laven-
der. A blank will be carried through all the steps of the 
procedure. 
Calculations : 
/-, 4 T^ (A-B) X 280 mg/1 ammonia N = ^ ^^ ^^ .^ ^ 
where, A = ml H2SO, titration for samples. 
3 = ml H2S0^ titration for blank. 
3.9.4.14 Estimation of calcium 
50 ml of the water sample will be taken in a conical 
flask. The sample will be neutralised with acid. It will be 
boiled for 1 minute and then cooled. 2 ml of IN NaOH solution 
(AppendJLx) will be added to maintain the pH at 12-13. 1-2 
drops of ammonium purpurate indicator (Appendix) will be 
added. Then it will be titrated slowly with O.OlM EDTA 
(Appendix). 
3.9.4.15 Estimation of magnesixim 
Magnesium will be estimated from the EDTA and hardness 
titration. 
mg/1 Mg = Total hardness (as mg CaCO^/l 
- Calcium hardness x 0,244 (as mg/CaCO-j) 
3.9.4.16 Estimation of phosphate 
To a 100 ml sample containing not more than 0.2 mg 
phosphorus and free from colour and turbidity, 0.05 ml 
60 
phenolphthalene indicator will be added. If the sample turns 
pink, strong acid solution will be added dropwise to dis-
charge the colour. If more than 0.25 ml is required, smaller 
sample will be taken and diluted to 1,000 ml with distilled 
water. After discharging the pink coloxir with acid, 4 ml of 
molybdate reagent will be added. After 10 minutes, the 
colour will be measured photoelectrically at 690 nm and com-
parison with the calibration curve will be done using dis-
tilled water blank. 
Calculation : 
3.9,4,17 Estimation of biological oxygen demand (BOD) 
The water sample will be taken in BOD bottles to which 
2 ml of MnSO- and 2 m.l of sodi\im azide will be added, follo-
wed by addition of 2 ml of concentrated H2SO,. The preci-
pitate will disappear and yellow colour will appear. Then 
0.025N sodium thiosulphate will be taken in a burette. 203 
ml of the yellow coloured water sample will be taken in a 
250 ml conical flask. Then titration will be done adding 
sodium thiosulphate solution in conical flask. The yellow 
colour will turn light yellow. Then starch (indicator) will 
be added and a dark blue colour will appear. Further tit-
ration will be done till light blue coloxir appears and tilti-
mately will disappear. This will be the end point. 
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3.9,4.18 Estimation o£ chemical oxygen demand (COD) 
50 ml of the sample will be taken and one gram of HgSO. 
and 5 ml H2S0^ will be added, the latter being added very 
slowly. 25 ml of 0,25W potassium dichromate (K2Cr20^) solu-
tion will be added and it will be mixed. Condenser will be 
attached to the flask and cooling of water v;ill be started. 
Addition of sulphuric acid reagent (about 70 ml) through 
the mixture will be refluxed for 2 hours. Dilution of the 
mixture to about tv/ice its volume with distilled water will 
be done. It will then be cooled to room temperature and tit-
ration of excess dichromate with standard ferrous amrr.onium 
sulphate will be performed using ferroin indicator. 
/I ^^T^ (a-b)M x 8,000 mg/1 COD = -^ —^r-^  ?4 
^' ml sample 
where, 
a = mj Fe(NH^)2(50^)2 used for blank 
b = ml Fe(NH-)2(30.)2 used for sample 
N = Normality of Fe. 
3.9.4.19 Estimation of total dissolved solids (TDS) 
200 ml filtered sample v/ill be taken in a prewelghed 
crucible. It will be oven dried at 105 C. The crucible will 
be weighed again. Difference in weights will give TDS in mg 
in per 200 ml (sample) (A x 5 = B mg/1), 
3.9.4.20 Estimation of total hardness 
50 ml of the sample will be pipetted into a conical 
flask and the p}{ will be maintained at 10+1. It will be 
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titrated against O.OIM EDTA (Appendix) using Eriochrome 
Black T (Appendix) as indicator. Fink colour will be changed 
to blue, 
3.9.4,21 Estimation of heavy metals 
Each water sample will be analysed for heavy metals 
with the help of an Atomic Absorption Spectrophotometer. 
3.10 Statistical analysis 
All the experimental data will be analysed statisti-
cally (Gomez and Gomez, 1984) by adopting the various 
techniques according to the design of particular experiment, 
C D . will be calculated out if the 'f • value is significant 
upto 5 per cent of probability level. Correlation between 
various parameters will be derived out according to the 
experiment. 
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A P P E N D I X 
APPENDIX 
PREPARATION OF REACEOTS 
1. Reagents for protein estiraation 
1) Reagent A : 2 percent sodium carbonate -h 0*1N sodium 
hydroxide (Itl), 
11) Reagent B : 0,5 percent copper sulphate + 1 percent 
sodium tartarate (Itl). 
Ill) Reagent C : Alkaline coRper sulphate solution obtained 
by mixing 50 ml of reagent A with 1 ml of reagent B. 
Iv) Reagent D : Carbonate copper sulphate solution same 
as reagent c, except for omission of sodium hydroxide, 
v) Reagent E j IN acid Folln reagent, 100 g of sodlxun 
tungstate and 25 g of sodium molybdate will be dissolved 
In 700 ml of water and kept In a 1500 ml flask. Then, 
50 ml of 85 percent phosphoric acid and 100 ml of con-
centrated hydrochloric acid will be added. The flask 
will be connected with a reflux condenser and boiled 
gently on a heating mantle for 10 hrs. At the end of 
the boiling period, 150 g lithiiMn sulf^ate, 50 ml water 
and 3 to 4 drops of liquid bromine will be added to the 
flask« The reflux will be removed and the solution will 
be tooiled for 15 minutes to remove excess bromine, it 
will be cooled and diluted to 1000 ml with distilled 
water. 
II 
The strength of this acidic solution will be esti-
mated by titrating It with IN solution of NaOH using 
phenophthalene as an Indicator. It will be then diluted 
to the required strength (IN). 
vl) IN NaOH t 4 g NaOH will be dissolved In distilled water 
and final volume will be made 100 ml. 
2. Reagents for chemical analysis of soil 
Estimation of organic carbon : 
A. IN potassium dlchromate : 49,04 g K2Cr207 will be dissolved 
In distilled water and finally It will be made to one 
litre, 
B. 0.5N ferrous aimionlum sulphate : 196 g of hydrated ferrous 
aramonltm sulj^ate. Peso^(NH^)2SO^.6H2O will be dissolved 
In distilled water. To this 20 ml of cone. H2SO. will be 
addedjfinal voltime will be maintained to one litre. 
C. Dlphenylamlne Indicator : 0.5 g dlphenylaralne will be 
dissolved In a mixture of 20 ml of water and 100 ml of 
cone. H2SO.. 
D. orthophosirfiorlc acid - 85%. 
E. Sulphuric add - not less than 96%. 
Estimation of nitrate nitrogen : 
A. Phenol dlsulphonlc acid : This will be prepared by talcing 
25 g of pure {dienol (CgHgOH, crystal white) In a dry 
conical flask (500 ml) to which 150 ml cone, sulj^ tirlc 
Ill 
acid will be mixed carefully. Now this will be kept on 
bonding water bath for 2 hrs. AfterIng cooling it will 
be stored in amber colotired bottle, 
B, Liquor ammonia (1:1) : Ammonia having 0«88 specific gra-
vity will be diluted with equal volxome of water. 
Estimation of available irfiosphorus i 
A, Olsen's reagent : 42,0 g of NaHCO^ will be dissolved in 
distilled water to give one litre of the solution. The 
pH will be adjusted to 8,5 with small quantities of NaOH. 
B, Diclaiian and Bray*s reagent j 15 g of ammonium molybdate 
will be dissolved in 300 ml of warm water. Then it will 
be cooled and filtered if necessary. To this, 400 P1 
of ION HCl will be added and finally the volume will b-
maintained to one litre, 
c. Stannous chloride solution : 10 g of crystalline stannous 
chloride will be dissolved in 25 ml of cone, HCl by 
warming and will be stored in amber coloured bottle. 
This will*be 40% SnCl2 stock soln. Just before use, 0.5 
ml will be diluted to 66 ml with distilled %fater. 
D. 7N HjSO. : 19,6 ml conc, sulf^uric acid will be added 
to double distilled water and the final vol\m»e will be 
made upto 100 ml. 
Estimation of potassium 
A. Ammonium acetate solution (neutral and normal) : Solution 
of 2N acetic acid (glacial) and 2N ammonium hydroxide 
will be mixed in equal amounts. 
IV 
3. Reagents for the analysis of water 
Estimation of carbonates and blcarbonates : 
A, Phenolphthalene Indicator j 0,25% solution will be made 
in 60% ethyl alcohol. 
B, Standard siilphuric acid (0»01 N) : 272 ml sudphurlc acid 
will be diluted in distilled water and final volume will 
be made 1000 ml* 
C, Methyl red indicator : 0,5% solution will be made in 
95% alcohol. 
Estimation of chloride ; 
A. Potassium chrcxnate indicator solution : 50 g K2Cr20. will 
be dissolved in distilled water. To this AgNO, solution 
will be added until a definite red precipitate will be 
formed. After overnight stand, it will be filtered and 
diluted to 1 litre with distilled water, 
B. Standard silver nitrate tltrant (0,01 N) : 2,395 g AgNO^ 
will be dissolved in distilled water and It will be 
diluted to 1000 ml. 
